THE NUMBER of 0 serotypes of Vibrio cholerae now recognised is at least 75 (Dr A. L. Furniss, personal communication). This presents a difficulty in the routine identification of these vibrios which, other than the 0 type-I cholera vibrio, are loosely termed "non-agglutinating" or NAG vibrios. A phenol-induced slide-agglutination (PH) test has been devised (Sil and Bhattacharyya, 1979) which exploits the common flagellar antigens that are species specific and diagnostic for this and other species of Vibrio (Bhattacharyya, 1975) . The PH test on 53 isolates of V. cholerae (39 NAG and 14 of 0 type I) gave reliable results by slide agglutination with H antiserum and bacterial growth suspended in 1.5% phenol; 45 cultures of non-V. cholerae were negative by this test. In older isolates the test was sometimes atypical and required the use of modified phenol-agglutination procedures (Sil and Bhattacharyya, 1979 ). Phenol appears to act on the cell membrane to expose the flagellar antigen which is masked in the living vibrio (Bhattacharyya, 1977) .
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During 1977, the PH test was used in the WHO Collaborative Centre for Reference and Research on Vibrios, Calcutta (VRC) and the Istituto Superiore di Sanita, Rome (ISS) to assess its performance in routine use with recent isolates from a wide variety of human and environmental sources. The test was also applied to older cultures at the Indian Institute of Experimental Medicine, Calcutta (IIEM). The results obtained with 1263 cultures are presented below.
MATERIALS AND METHODS

Bacteria.
Of the 1263 strains included in the study, 129 were tested in the ISS; 55 of theie strains were from sewage, 27 from surface water, 10 from sea water, 10 from mussels and 25 from patients with enteritis; two were reference strains of Vibrio anguillarum. Of these Italian strains, 58 were isolated and identified in the ISS laboratory and the remainder were referred there for confirmation and phage typing after preliminary identification elsewhere.
In the VRC, 1051 cultures, mostly from patients with enteritis, were tested. These were referred for confirmation of identity and for phage typing from September 1977 to March 1978 from laboratories in Bangladesh, Thailand, Malaysia, Australia and 12 states in India.
In the IIEM Laboratories, 83 strains were examined. Except for six V. parahaemolyticus and three V. anguillarum, they had been received as NAG vibrios from several laboratories and had been isolated from 1972 to 1976.
The majority of the cultures isolated before 1977 had been maintained by serial subculture before testing; strains isolated after 1977 were tested soon after isolation or receipt.
Isolation and identification. Cultures referred to us as vibrios from other laboratories were subcultured on nutrient agar and tested serologically (see below) and for a positive oxidase reaction (Kovacs, 1956) . Cultures were incubated at 37°C for 18 h unless otherwise stated.
Vibrios were isolated in the ISS from 100 ml of sewage or water samples or 1.0 g of faeces by enrichment in alkaline peptone water, pH 8.6. A second tube was inoculated from this after 18 h, and then after incubation for 6 h the culture was streaked on nutrient agar and TCBS Agar (Difco). Suspect oxidase-positive colonies were stabbed in Kliger Tubes (Difco) and those that were gas and H2S negative and gave acid only in the butt after incubation for 48 h, were used for serological tests.
A positive reaction with V. cholerae 0 type-I antiserum was considered a confirmatory identification of V. cholerae. Vibrios that were negative in any of the serological tests were differentiated on the basis of the following: Gram's stain; fermentation of mannitol, inositol, arabinose, sucrose, mannose (48 h); decarboxylation of 1-lysine and 1-ornithine (4 days, Falkow, 1958) ; 1-arginine dihydrolase activity (4 days, Thornley, 1960) ; indole production from 1% tryptone (4 days; Difco Manual, 1969); ability to grow in 1% tryptone containing NaCl 0, 2, 7 and 10% (48 h); ability to grow at 5" and 37°C in Difco Tryptose Broth (48 h); ability to swarm on Difco Marine Agar (18 h).
Media except for TCBS agar, marine agar and salt-tolerance broth, that were intended for the isolation and identification of halophilic vibrios (V. anguillarum, V. parahaemolyticus and V. alginolyticus) were supplemented with salt; NaCl2z was added to nutrient agar and peptone water and NaCll% to biochemical-test media. These cultures were incubated at 30°C in the ISS and at room temperature (c. 25°C) in the IIEM.
Serological tests. Conventional slide 0-agglutination tests were made on cultures suspended in saline; the 0 antisera used were diagnostic V. cholerae 0 type-I, polyvalent Ogawaand Inaba-specific. For the PH test, the standard procedure (Sil and Battacharyya, 1979) was used for routine screening. Briefly, culture was suspended in 1.5% phenol in saline (v/v) on a segment of a slide which had been divided into marked segments with paint or nail varnish. A loopful of H antiserum diluted 1 in 15 in saline was added. Strains that gave positive reactions were retested with saline substituted for antiserum. Most cultures that were auto-agglutinable or otherwise defective in the standard test were referred to the IIEM; after selection for motility in soft-agar Craigie tubes, such cultures were retested for PH agglutination by the successive use of one or more of the three modifications described previously (Sil and Battacharyya, 1979) , and their bacteriological identity was checked. The modified PH tests used were the delayed procedure in which the addition of antiserum was delayed for 90 s, the low-salt procedure in which phenol 1.5% in distilled water was used in place of phenol saline, and the low-phenol procedure in which 1.00/0 phenol saline was used.
Flagellar staining and direct observation of motility. The modified Leifson flagellar stain (Norris and Swain, 1971 ) was used with living and formalised suspensions from agar. Cell motility was observed by phase-contrast microscopy of hanging-drop preparations of 3-h broth cultures. A known, actively motile strain was included as control in each run.
RESULTS
PH test for identijication of recent isolates
Suspect vibrio cultures isolated during 1977-78 were examined by the standard PH-test procedure (table) . Of the 1081 cultures 12, all V. cholerae, were autoagglutinable in phenolsaline and were not further examined by the modified tests. Negative reactions were given by 15 cultures of which four were found to be V. parahaemolyticus, nine V. alginolyticus and two Aeromonas species. Without exception, all the smooth cultures isolated during 1977-78 that were identified as V. cholerae (1002 0-type I; 52 NAG 0-types) were clearly positive in the standard PH test.
PH test applied to older stock cultures
Of the 182 strains isolated before 1977 (table), 24 were known to be other than V . cholerae; these were V. parahaemolyticus (six strains), V . alginolyticus (two strains), V. anguillarum (six strains) and oxidase-negative species (10 strains); these 24 strains were all negative in the PH test.
Of 153 cultures labelled as NAG vibrios, 143 gave a positive PH reaction by the standard or modified procedures, confirming the identification. Of the 10 non-reacting cultures, eight were found to have been wrongly identified; six were oxidase-negative and two were strains of . . . Aeromonas, and one could not be corrected for roughness and therefore could not be tested. One strain, Tevere 2, was PH test negative; this was the only bacteriologically typical culture of V. cholerae (NAG serotype) that was negative in the PH test by all procedures. This strain, which had been isolated in 1974 from river water, grew through only 10 out of 22 Craigie tubes. However, under the microscope, although occasional cells exhibited twitching movement, translational motility was not observed. Of the 10 Craigie-passaged subcultures, 7 showed no evidence of flagella in stained smears. In the other three, flagella-like appendages could be seen in rare fields but at a frequency in no case greater than 2% of the cells in the field; in two of these subcultures there were short, usually straight appendages with a knobbed appearance; in the third the flagella were full-length but of abnormal wavelength in that they were in the "curly" and "straight" configurations. By contrast, the control culture exhibited normal flagella in all of 16 smears and at a frequency greater than 90% of the cells in the field.
Cultures reacting atypically in the PH test
The overall incidence of strains that were auto-agglutinable or reacted atypically in the standard PH test was 1.9%. However, their incidence and character were different in the two categories of strains. Auto-agglutinability was the only defect observed in 12 of 1066 (1%) more recent cultures; in the pre-1977 cultures of V. cholerae this and other types of defect such as weak, delayed or stringy reactions (Sil and Bhattacharyya, 1979) were seen in 10 of the 150 strains (6.7%), and one strain (Tevere 2) failed to agglutinate. Of the total of 16 auto-agglutinating strains only five were unstable in saline alone and seven reacted with 0 type-I antisera.
DISCUSSION
The identification of NAG vibrios by bacteriological means involves the performance of a series of biochemical tests with specialised media over a period of days. This is a task seldom undertaken at the clinical level in cholera-endemic areas where the incidence of NAG enteritis is expected to be high. Furthermore, biochemical tests have been reported to be unreliable in 5% of isolates (Sil, Sanyal and Mukerjee, 1975) . These problems may explain the dearth of information on the role of NAG serotypes in the environment, in enteritis and in the aetiology of cholera. The phenol-induced flagellar-agglutination test in which NAG vibrios and V. cholerae 0 type-I react, should help in the study of these problems.
The primary purpose of the present study was to assess the reliability of the PH test in routine use, particularly when applied to recently isolated strains. No diagnostic laboratory yet handles vibrios other than the 0 type-I cholera vibrio on a large scale. For this reason only 16.2% of the strains covered in this survey belonged to NAG serotypes, for which group the PH test is of major potential value. These NAG vibrios were available from many geographical areas and diverse sources, human and environmental. The 0 type-I vibrios were also epidemiologically diverse and belonged to seven 0 subtype and phage-type combinations, predominantly Ogawa phage type 2 (unpublished data). This group of strains is therefore considered to be representative of the spectrum of V. cholerae likely to be found in nature.
Our results confirm the reliability of the PH test. Non-specificcross reactions have not so far been observed in tests of 90 other species, including vibrios, in this and an earlier study of the test procedures described (Sil and Bhattacharyya, 1979) . The cultures tested included laboratory strains of V. anguillarum and V. proteus with known H-antigen inter-relationships with V. cholerae (Bhattacharyya, 1975) , and these gave only weak but irregular PH reactions under special test conditions (Sil and Bhattacharyya, 1979) . Whilst freshly isolated strains of these species may respond differently, these vibrios are easily distinguished from V. cholerae and are not likely to be confused in practice.
Out of a total of 1216 strains of V. cholerae screened by the standard PH procedure, 1.9% proved autoagglutinable or otherwise defective in phenol saline. Most of these strains could be tested successfully by the modified procedures, bringing the overall success rate to 99.8%. The phenomenon of auto-agglutinability in phenol saline, which was apparently unrelated to roughness, merits further investigation. The serotype status of rough vibrios is still a practical problem (Castellani Pastoris, 1977) . The incidence of defective strains was sevenfold higher in older stock cultures and may be a consequence of degenerative changes. Similarly, the only strain of V. cholerae that reacted negatively in the PH test, Tevere 2, had been maintained since 1974. This strain, also defective in motility and flagellation, may be a cloning artefact, derived as it was from a single colony. Another cell line, Tevere 3, from the same plating of river water, reacted positively in the PH test.
The present study supports the value of the flagellar antigen in the classification of V. cholerae. That this may be the general rule in the genus was also indicated earlier (Bhattacharyya, 1975) . The phenomenon of phenol sensitisation to flagellar antibody, unknown in other bacteria, is of fundamental interest and may reflect a unique structural and functional feature in these species. This study also establishes the utility of the PH test for the identification of the cholera group of vibrios because it provides a species identification in a few minutes with a reliability approaching 100%.
SUMMARY
Applied routinely to 108 1 recently isolated cultures, the phenol-induced slide-agglutination test (standard procedure) with flagellar antiserum correctly identified 98.9% of Vibrio cholerae strains of 0 type-I and NAG serotypes; 1.0% of cultures were unstable in phenol-saline. The incidence of instability and other types of defect was higher (7.3%) in older stock cultures. The majority of such strains were successfully tested by one of the three modified procedures. No cross-reactions were observed in 47 cultures of other species including the halophilic vibrios. Only one out of the 1205 cultures of V. cholerae tested by all procedures reacted negatively; this strain was found to lack functional flagella. These results establish the significance of flagellar specificity as a classificatory determinant in V. cholerae, and the fidelity and utility of the phenol test in routine bacteriology.
